INTRODUCTION
============

Adolescent idiopathic scoliosis (AIS) is a three-dimensional disease corresponding to 70 to 80% of all spine deformity cases. The prevalence of AIS is described as 2-3%; 0.3 to 0.5% of these cases are progressive and consequently require surgical treatment.[@B1]

The main goals of AIS surgery are to obtain a balanced trunk and solid fusion. However, despite good clinical and radiological outcomes patient self-evaluation and quality of life may be poor after surgery. Several aspects influence postoperative outcomes for AIS, including age, ethnicity, sociocultural issues and sex. Identification of these variables before surgery procedures may therefore help predict treatment outcomes.[@B2] ^-^ [@B5] The authors of this present study did not find previous studies evaluating these parameters in Brazilian AIS patients in the medical literature.

The objective of this study was to determine the influence of perioperative factors and their impact on clinical and functional outcomes in Brazilian AIS patients.

PATIENTS AND METHODS
====================

We performed a prospective study with forty-nine consecutive AIS patients who underwent spine fusion surgery between March 2009 and June 2011. There was no restriction to curve patterns and all AIS types according to Lenke\'s classification were included.[@B6] The same senior surgeon performed all procedures. Evaluations were performed preoperatively and 6, 12 and 24 months after the surgery. Approval was obtained from the institutional review board of our institution (process 377.252) and all patients voluntarily signed a informed consent form.

Inclusion criteria
------------------

We included AIS patients with Cobb angle \>45°, age between 11 and 18 years at the time of surgery, instrumentation with pedicle screw only and minimum of two years follow-up. Patients who had no follow-up or incomplete data were excluded.

High thoracic rib hump during Adam\'s forward bending test and coronal translation of the trunk (evaluated with a plumb line) were measured as clinical parameters. Coronal deviations greater than 20 mm were considered to be trunk imbalance.[@B7]

Function was evaluated using the SRS-30 questionnaire developed by the Scoliosis Research Society. It consists of 30 questions divided into five domains (pain, function, appearance, mental health and satisfaction). Each question ranges from 1 (worst scenario) to 5 (best scenario) and the maximum score is 150. In the present study we used a culturally adapted and validated questionnaire in Brazilian Portuguese.[@B8] A trained nurse who was not directly involved in the study applied all the questionnaires.

The following parameters were correlated with the SRS-30 results: (1) age at time of surgery; (2) use of braces before surgery; (3) main thoracic Cobb angle; (4) main thoracic curve correction; (5) sex; and (6) complications.

The correction percentages of the main thoracic curve were established using the equation proposed by Cheung:[@B9]

\% Correction = Preoperative Cobb angle - Postoperative Cobb angle x 100% Preoperative Cobb angle

Radiographic assessments comprised posteroanterior and lateral spine x-rays in a standing position. In all cases the Cobb angle of the proximal thoracic curve and main thoracic and thoracolumbar/lumbar curves were measured.[@B5] The curves were classified according to Lenke\'s criteria.[@B6] Curve flexibility was assessed by means of supine lateral bending x-rays.[@B7] ^,^ [@B10]

Statistical analysis
--------------------

The sample was characterized by frequency and percentage for categorical variables and by mean, standard deviation (SD), median, minimum and maximum values and number of valid observations for numeric variables. Domain scores for the SRS-30 questionnaire were described in each group and time by mean, SD, median, minimum and maximum values and number of valid observations.

The relationship between age and domain scores for the questionnaire in each moment was verified by Pearson\'s correlation. To compare questionnaire scores between groups and across time, we used analysis of variance (ANOVA) with repeated measures and a fixed factor, considering that normality and/or homogeneity of variances for variables can be assumed between each group of interest. In each ANOVA the interaction effect between time and group was tested to verify the need to compare the groups in each stage separately, in other words, to check whether the behavior of groups through time follows the same trend.

When statistical significance was observed in the coefficient test between age and domain scores of the questionnaire, linear regression analysis was used to interpret the regression coefficient. A significance level of 95% (α= 0.05) was used to complete each test (bilateral); in other words, descriptive levels (p) of less than 0.050 were considered statistically significant. SPSS software version 19.0 was used.

RESULTS
=======

Of the 63 patients with AIS who underwent surgical correction, 49 patients (78%) completed the SRS-30 questionnaire before surgery and 2 years after surgery. Mean participant age (±SD) at the time of surgery was 11.9 (±1.2 years), ranging from 11 to 18 years and 87.8% of them were female. Prior to surgery, 67% of patients did not use braces. The most common curve patterns were Lenke 1AN (46.9%) and 1BN (24.5%). Most patients were considered to have \"coronal imbalance\" before surgery (61.2%). Of all patients, 81% were classified as grade 4 or 5 Risser sign. ([Table 1](#t1){ref-type="table"})

Table 1Sample features.Age (years)Mean ± SD.11.9 ± 1.2Median11.0Minimum - Maximum11 - 18Total of patients49Sex - n (%)Male6(12.2%)Female43(87.8%)Total of patients49Brace - n (%)No33(67.3%)Yes16(32.7%)Total of patients49Lenke - n (%)1AN23(46.9%)1A-4(8.2%)1B+1(2.0%)1BN12(24.5%)1B-2(4.1%)1CN2(4.1%)22(4.1%)32(4.1%)51(2.0%)Total of patients49Plumb line - n (%)Compensated30(61.2%)Uncompensated19(38.8%)Total of patients49Risser sign - n (%)0, 1, 2, 39(18.4%)4, 540(81.6%)Total of patients49Proximal thoracic angleMean ± SD.25.4 ± 9.4Median25.0Minimum - Maximum8 - 56Total of patients49Main thoracic angleMean ± SD.58.5 ± 11.8Median58.0Minimum - Maximum20 - 91Total of patients49Thoracolumbar angleMean ± SD.36 ± 10.1Median37.0Minimum - Maximum17 - 56Total of patients49Rib hump sizeMean ± SD.2.2 ± 0.9Median2.0Minimum - Maximum0 - 4Total of patients49

The mean proximal thoracic Cobb angle was 25.4 (±9.4). The mean main thoracic and thoracolumbar/lumbar Cobb angles were 58.5 (±11.8) and 36.0 (±10.1), respectively. Mean size of the thoracic hump was 2.2 cm (±0.9 cm). The average correction of the main thoracic and thoracolumbar/lumbar Cobb angles was 39.8.

A negative association between patient age at the time of surgery and back pain was found. Patients who underwent surgery after 15 years of age had worse outcomes compared to those who had surgery before this age. ([Table 2](#t2){ref-type="table"}) Higher scores were also observed in the \"satisfaction\" domain in patients who underwent surgery after 15 years of age (p\<0.05). The β-regression coefficient indicated that for each year of delay from the ideal time of surgery (after age 11), there was an increase of approximately 0.5 points in the SRS-30 \"satisfaction\" domain. ([Table 2](#t2){ref-type="table"})

Table 2SRS30 \"Pain domain\" and \"satisfaction domain\" versus age (in years).Correlation between age and SRS30 \"Pain Domain\"Preoperative6 months1 year2 yearsABABABABPearson correlation coefficient (*r*)-0.110.11-0.060.29-0.180.28-0.270.19Total of patients4949494949494949p value0.4540.4490.6820.0440.220.0470.0640.194[^3]

The correlation between the SRS-30 \"function\" and \"pain\" domains with the use of corsets during conservative treatment are shown in [Tables 3](#t3){ref-type="table"} and [^4^](#t4){ref-type="table"}. It was possible to verify that these patients had worse results in comparison to patients without brace treatment (p=0.005). Furthermore, the use of braces did not influence the other SRS-30 domains after surgical treatment.

Table 3SRS30 \"Function domain\" versus \"use of braces\".Use of bracesSRS30 - \"Function Domain\"Preoperative6 months1 year2 yearsNoMean ± SD.17.9 ± 3.725 ± 4.325.8 ± 3.925.7 ± 4Median18.025.026.026.0Min - Max11 - 2314 - 3320 - 3220 - 33Total of patients33333333YesMean ± SD.20.1 ± 3.727.1 ± 5.128.5 ± 3.228.6 ± 3.5Median21.529.029.029.0Min - Max10 - 2316 - 3320 - 3323 - 35Total of patients16161616p value (time VS use of braces)p= 0.873p value (time)p \<0.001p value (use of braces)p= 0.005[^4]

Table 4SRS30 \"Pain domain\" versus \"use of braces\".Use of bracesSRS30 - \"Pain Domain\"Preoperative6 months1 year2 yearsNoMean ± SD.19.9 ± 3.524 ± 4.524.8 ± 4.125.3 ± 4.1Median20.025.025.026.0Min - Max13 - 2510 - 3016 - 3016 - 30Total of patients33333333YesMean ± SD.22.4 ± 2.425.7 ± 5.326.9 ± 2.227.1 ± 2.8Median22.528.028.028.0Min - Max15 - 258 - 3021 - 3021 - 30Total of patients16161616p value (Time VS Use of Braces)p= 0.931p value (Time)p \< 0.001p value (Use of Braces)p= 0.038[^5]

There was no correlation between degree of coronal correction of the main thoracic curve and SRS-30 scores. ([Table 5](#t5){ref-type="table"}) After surgery, there was significant improvement of the five domains of the SRS-30 (p\<0.001) and these results were maintained in subsequent evaluations. ([Table 6](#t6){ref-type="table"})

Table 5SRS30 total score versus main curve correction.Curve correctionSRS30 - Total scorePreoperative6 months1 year2 years\< 50%Mean ± SD.85 ± 11.4122.3 ± 3.5127 ± 6.2121.3 ± 12Median80.0122.0125.0122.0Min - Max77 - 98119 - 126122 - 134109 - 133Total of patients333351 - 70%Mean ± SD.82 ± 11.8120.5 ± 18.4125.3 ± 12.8121.4 ± 12.5Median82.0126.0126.0119.0Min - Max61 - 10768 - 14295 - 14295 - 142Total of patients23232323\>= 71%Mean ± SD.79.3 ± 12120.4 ± 13.1122.7 ± 11.3125.3 ± 12Median76.0120.0125.0127.0Min - Max60 - 10193 - 13897 - 14096 - 144Total of patients23232323p value (time VS main curve correction)p= 0.309p value (time)p \< 0.001p value (main curve correction)p= 0.951[^6]

DISCUSSION
==========

The impact of surgery and perioperative predictive factors remains controversial in AIS treatment. Unlike the present prospective study, most current reports that assessed the quality of life after spine fusion to treat AIS are retrospective studies.[@B2] Some authors have used meta-analysis to demonstrate no change in patient quality of life after surgical treatment. However, in the present study we found significant improvement in all functional SRS-30 domains two years after surgery.

Our results suggest a positive correlation between patient satisfaction and age at the time of surgery. Patients operated after 15 years of age were more satisfied with surgery than younger ones (p\<0.05). We believe that individual factors such as education and psychological changes during adolescence may justify such findings. We also observed that age at the time of surgery had an impact on patients\' back pain (dorsal and/or lumbar). Patients who received surgery at the end of adolescence had more back pain. This phenomenon was not observed in younger patients. The reasons for these findings are not completely clear; we hypothesize that scoliotic deformities produce asymmetric load distribution on facet joints, which may explain early degeneration of articular cartilage and consequent pain. Unfortunately, this theory is not part of the objective of the present study and was not proven.

Male patients had higher \"mental health\" domain scores in comparison to female subjects (p\<0.035). This finding was consistent with a previous report that described better results in the \"appearance\" and \"mental health\" domains as well as less postoperative pain in males.[@B11] In this study, patients of both sexes showed significant improvement regarding the domain \"appearance.\" Other studies compared AIS fusion results and showed no direct association with \"mental health\" and sex.[@B12] ^,^ [@B13]

In the present study, braces exerted a negative effect on postoperative back pain, personal satisfaction and overall function (p=0.05). Our findings were consistent with those previously described by Diab et al.[@B14] Other studies also have found negative effects regarding the use of braces prior to surgery.[@B15] ^,^ [@B16] One reason could be the fact that braced patients were probably less active (in sports and daily activities) than non-braced patients and consequently presented hypotrophy of the trunk stabilization muscles. However, this outcome was not addressed in our study. Future studies about muscle activity in AIS may answer this specific question.

The impact of the amount of correction in functional outcomes of AIS patients is not well established. D\'Andrea et al.[@B4] and Sanders et al.[@B16] reported a weak correlation between curve correction and functional outcomes. Despite the fact that our results do not support a direct correlation between curve correction and functional outcomes, ([Table 5](#t5){ref-type="table"}) additional studies showed higher rates of complications after major curve corrections (SOSORT study), including iatrogenic trunk imbalance.[@B17] In a longitudinal cohort study of 745 patients with AIS who underwent surgical correction, Carreon et al.[@B18] observed no statistically significant correlation between the 2-year postoperative SRS satisfaction score and the amount of curve correction (r= 0.07, P= 0.062). However, other studies found high levels of AIS patient satisfaction after deformity correction.[@B13] The degree of curve correction after surgery was a significant predictor of function/activity scores, self-image/appearance and satisfaction in 104 Chinese AIS patients.[@B19]

Table 6SRS30 total score versus time.SRS30 DomainsSRS30 - Total scorePreoperative6 months1 year2 yearsFunctionMean ± SD.18.6 ± 3.825.7 ± 4.626.7 ± 3.926.7 ± 4Median19.027.027.027.0Min - Max10 - 2314 - 3320 - 3320 - 35Total of patients49494949PainMean ± SD.20.7 ± 3.424.6 ± 4.825.5 ± 3.725.9 ± 3.8Median21.026.026.026.0Min - Max13 - 258 - 3016 - 3016 - 30Total of patients49494949AppearanceMean ± SD.17.3 ± 4.336.3 ± 4.836.9 ± 4.536.3 ± 4.5Median17.037.037.036.0Min - Max8 - 2822 - 4524 - 4524 - 45Total of patients49494949Mental healthMean ± SD.17.5 ± 3.720.4 ± 4.221.3 ± 3.220.9 ± 3.4Median17.021.022.021.0Min - Max11 - 259 - 2514 - 2513 - 25Total of patients49494949SatisfactionMean ± SD.6.8 ± 2.113.7 ± 2.013.8 ± 1.913.5 ± 1.8Median6.014.015.014.0Min - Max2 - 108 - 158 - 158 - 15Total of patients49494949TotalMean ± SD.80.9 ± 11.7120.6 ± 15.3124.2 ± 11.7123.3 ± 12.2Median79.0123.0125.0120.0Min - Max60 - 10768 - 14295 - 14295 - 144Total of patients49494949

The incidence of complications was low and minor, as previously described.[@B20] We experienced 3 wound infections, but only one patient had a deep wound infection and needed reoperation. All patients were treated with oral antibiotics. There was no reported dural perforation, implant loosening, or neurological deficit. We did not find differences among functional outcomes of patients who presented or did not present surgical complications. This may be attributed to the low sociocultural profile of patients included in the present study, who were satisfied even when such complications were present. Moreover, the complications observed were minor and presented satisfactory resolution.

CONCLUSIONS
===========

Posterior spine fusion to treat AIS led to improvement in all domains of the SRS-30 questionnaire. Clinical results were influenced by age, sex and the use of braces prior to the surgery. There was no correlation between functional outcomes and the amount of curve correction and the presence of minor perioperative complications.

Study conducted at Hospital Estadual Mario Covas, Spine Group, Santo André, SP, Brazil.
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